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A B S T R A C T
We present eight new T4.5-T7.5 dwarfs identified in the UKIRT Infrared Deep Sky 
Survey (UKIDSS) Large Area Survey (LAS) Data Release 1 (DR1). In addition we 
have recovered the T4.5 dwarf SDSS J020742.91+000056.2 and the T8.5 dwarf ULAS 
J003402.77-005206.7. Photometric candidates were picked up in two-colour diagrams 
over 190 deg2 (DR1) and selected in at least two filters. All candidates exhibit near- 
infrared spectra with strong methane and water absorption bands characteristic of T 
dwarfs and the derived spectral types follow the unified scheme of Burgasser et al.
(2006). We have found 6 new T4.5-T5.5 dwarfs, one T7 dwarf, one T7.5 dwarf, and 
recovered a T4.5 dwarf and a T8.5 dwarf. We provide distance estimates which lie in 
the 15-85 pc range; the T7.5 and T8.5 dwarfs are probably within 25 pc of the Sun.
We conclude with a discussion of the number of T dwarfs expected after completion 
of the LAS, comparing these initial results to theoretical simulations.
Key words: Stars: brown dwarfs — techniques: photometric — techniques: spectro­
scopic — Infrared: Stars — surveys
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1 IN T R O D U C T IO N
The advent of large-scale sky surveys has revolutionised our 
knowledge of ultracool dwarfs (defined here as dwarfs with 
spectral types later th an  M7). The first spectroscopic brown 
dwarfs were confirmed in 1995: Gl229B, a T  dwarf orbit­
ing an M dwarf (Nakajima et al. 1995) and Teide 1 in the 
Pleiades open cluster (Rebolo et al. 1995). Ten years on, 
about 500 L dwarfs with effective tem peratures (Teff) be­
tween ~2200 and ~1400K  (Basri et al. 2000; Leggett et al. 
2 0 0 0 ) have now been identified, along w ith around 1 0 0  
T dwarfs w ith lower tem peratures (Teff ^1400-700 K; 
Golimowski et al. 2004; Vrba et al. 2004). The full catalogue 
of L and T  dwarfs is available on the DwarfArchives.org web­
page1. There are currently 46 T5 or later dwarfs and 17 T 7 - 
T 8  dwarfs known (two of them  are marked as peculiar), at 
the tim e of writing. The spectral classification of T  dwarfs 
follows the unified scheme by Burgasser et al. (2006) and 
is based on the strength  of m ethane and water absorption 
bands present in the near-infrared. This sample of ultracool 
dwarfs is now large enough to  characterise the binary prop­
erties of brown dwarfs (Close et al. 2002; Burgasser et al. 
2003; Bouy et al. 2003; Burgasser et al. 2006; Liu et al. 
2006; Burgasser 2007) and investigate the influence of grav­
ity and m etallicity on their spectral energy distributions 
(Kirkpatrick 2005).
The UKIRT Infrared Deep Sky Survey (UKIDSS; 
Lawrence et al. 2006) is a new infrared survey conducted 
with the UKIRT Wide Field Cam era (W FCAM). The sur­
vey is now well underway w ith (at the tim e of writing) three 
ESO-wide releases: the Early D ata  Release (EDR) in Febru­
ary 2006 (Dye et al. 2006), the D ata  Release 1 (DR1) in July
2006 (W arren et al. 2007a) and the D ata  Release 2 in March
2007 (W arren et al. 2007b). The Large Area Survey (LAS) 
will cover 4000 deg2 in Y  J H K  down to  a 5a sensitivity limit 
of J  ~  19.5 mag in each of two epochs (J~ 20  mag when the 
epochs are combined) w ith a typical baseline of ~ 2 yr.
The two m ajor science drivers of the LAS are the dis­
covery of extremely cool brown dwarfs (with spectral types 
even later th an  the coolest objects discovered in the Two 
Micron All Sky Survey (2MASS) and the Sloan D igital Sky 
Survey (SDSS)), and the discovery of high-redshift quasars 
(z ^  6 ). New record-breaking low-Teff dwarfs could require 
a new spectroscopic class beyond T  (e.g. Burrows et al. 
2003) which has been pre-emptively called Y (following 
K irkpatrick et al. 1999). So far UKIDSS has succeeded on 
bo th  fronts; Venemans et al. (2007) report the discovery of 
a z =  5.9 quasar, and the discovery of two T  dwarfs in 
the EDR (Kendall et al. 2007) has been followed by the 
identification of the latest T -type brown dwarf yet found 
(W arren et al. 2007c).
In this paper we report the discovery of eight T4.5- 
T7.5 dwarfs extracted from 190 deg2 released in the 
LAS DR1. We also derive kinematic properties for SDSS 
J020742.91+000056.2 (hereafter SDSS0207), a T4.5 dwarf 
discovered by Geballe et al. (2002) and recovered in our 
search. In Section 2 we describe the photom etric selection 
of late-T  dwarfs from two-colour diagrams. In Section 3 we
f  E-m ail: n l41@ star.le.ac.uk
1 h ttp ://sp id e r .ip a c .c a lte c h .e d u /s ta ff /d a v y /A R C H IV E /, a web­
page dedicated  to  L and T  dwarfs m aintained  by C. G elino, D.
Kirkpatrick, and A. Burgasser.
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present the spectroscopic follow-up observations conducted 
w ith the Gemini and UKIRT telescopes, and classify each 
object based on the Burgasser et al. (2006) scheme. In Sec­
tion 4 we discuss the num ber of T  dwarfs th a t our study 
suggests will be discovered in the complete LAS, and com­
pare it w ith the predictions of Deacon & Hambly (2006). 
Finally, we summarise our results and give our conclusions 
in Section 5.
2 S E L E C T IO N  O F  T  D W A R F  C A N D ID A T E S
This section describes the photom etric search carried out 
for late-T  and possible Y dwarf candidates in the LAS, 
which is based on our current knowledge of the photo­
metric properties of T  dwarfs from 2MASS and SDSS, as 
well as on theoretical models. In addition to  the traditional 
J H K  filters, a new Y filter centered at 1.03 (0.98-1.08) mi­
crons was specifically designed and installed in W FCAM  to 
ease the selection and separation of high-redshift quasars 
and cool brown dwarfs in the LAS colour-colour diagrams 
(W arren & Hewett 2002). Figure 1 shows (Y — J , J  — H ) for 
candidate and confirmed L and T  dwarfs found in DR1, as 
well as model-predicted typical colours, and typical colours 
of point sources in a W FCAM  tile.
Known T  dwarfs found by 2MASS exhibit neutral to 
blue near-infrared colours w ith decreasing effective tem pera­
tu re  (Burgasser et al. 2002) and a rather constant Y — J  ~  1 
(Hewett et al. 2006). SDSS discoveries (e.g. Geballe et al. 
2002) show th a t T  dwarfs are red in the optical (i — z ^  2.0) 
and optical-to-infrared (z — J  ^  2.5) colours. the la tte r also 
being a good indicator of Teff (Knapp et al. 2004). Hence the 
com bination of the SDSS and the UKIDSS LAS should pro­
duce T  and possibly Y dwarfs th a t are several magnitudes 
fainter th an  the 2MASS completeness limit.
Current atm osphere models predict blue near-infrared 
colours ( J  — H  <  0.0 and J  — K  <  0.0) for dwarfs cooler 
th an  the known T  dwarfs, bu t differ on the Y — J  optical- 
to-infrared colour: the cloud-free Cond models (Allard et al. 
2001; Baraffe et al. 2003), the more recent Settl models (Al­
lard et al. 2007, in prep.) and the models of Marley et al. 
(2002) all imply Y — J  colours th a t are bluer th an  those of 
the known late-T  dwarfs, for Teff ~  700-400 K. However, 
Burrows et al. (2003) and Tsuji et al. (2004) predict redder 
Y — J  colours for these tem peratures (Leggett et al. 2005; 
Hewett et al. 2006). O ur initial search focussed on the red­
der Y — J  sources, and a subsequent search for bluer objects 
yielded only one very late T  dwarf, presented in a separate 
paper (W arren et al. 2007c).
2.1 S a m p le  se le c tio n
Our basic search methodology was to  extract from the 
UKIDSS LAS DR1 a sample of point-sources w ith the 
Y J H K  colours of late-T  dwarfs, guided by the known and 
modelled colours, and then to  cross-match w ith the SDSS 
(where possible) to  obtain optical-to-infrared colours.
We have constructed a S tructured  Query Language 
(SQL) query to  extract a list of reliable late-T  dwarf can-
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F ig u r e  1 . ( J  — H , Y  — J )  tw o-colour diagram  for point 
sources (sm all crosses) in one W FC A M  tile  centered on 
(R A ,d e c )= (0 2 h ,00°). O verplotted  are L and T  dwarfs candidates 
extracted  from  th e  LAS D R 1 w hose spectroscopy is currently un­
derway (open triangles). Spectroscopically-confirm ed T 4.0—T 7.5  
dwarfs from  D R 1 presented in th is  paper are d isplayed as filled cir­
cles, and th e  T 4 .5  dw arf from th e  E D R  reported by K endall et al. 
(2007) is shown as a d iam ond. N ote th a t tw o T 5 .5  dwarfs have 
the  sam e colours and thus th e  circles overlap. T h e T 8 .5  dw arf 
marked as an open square w as selected  from  D R 1 and is presented  
in W arren et al. (2007c). Errors in th e  colours are typ ica lly  better  
than  0.15 m ag for th e  fa intest ob jects. A lso  shown are th e  m odel 
predictions for th e  colours o f  cool brown dwarfs from th e  Cond  
(dot-dot-dot-dashed  lines; A llard et al. 2001; Baraffe et al. 2003), 
and S ettl m odels (solid  lines; A llard et al. 2007), and from  m od­
els by M arley and collaborators (solid  lines; M arley et al. 2002), 
Burrows et al. (2003 , dashed lines), and T suji et al. (2004 , dot- 
dashed lines).
didates from the W FCAM  Science Archive2 (WSA; Ham- 
bly et al. 2007, in prep.). Further details regarding the SQL 
statem ents are provided in A ppendix A. We search for point 
sources detected in at least Y and J ,  and use other post­
processing flags to  avoid galaxies and fast moving objects. 
In addition, we have limited our search to  the J  =  14-19 
m agnitude range, to  avoid sa turated  sources and maximise 
the completeness of our sample. Furtherm ore, we have im­
posed colour cuts of Y — J  ^  0.5 and J  — H  <  0.0 to  focus on 
late-T  dwarfs and potentially cooler objects. Finally, images 
were checked to  insure th a t the candidates were real and 
unaffected by artefacts. The location of the new T  dwarfs in 
the (J  — H ,Y  — J ) two-colour diagram  is displayed in Fig. 
1 .
For the 150 deg2 of the UKIDSS LAS DR1 with SDSS 
data, only those LAS-selected candidates which had z — J  ^  
2.5, or were undetected by SDSS, were retained. Candi­
dates in the second category were also subject to  the fur­
ther requirem ent th a t they were not w ithin a few arcsec
2 located  at h ttp : //su r v e y s .r o e .a c .u k /w sa /
Burrows
T5 T4
T5.5
Marley
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T a b le  1. L ist o f th e  coordinates (J2000), infrared m agnitudes (Y  J H K ) on th e  W F C A M /M K O -system  and their associated  uncertainties, 
for ten  T  dwarfs identified in th e  U K ID SS LAS D R 1 (ordered by right ascension), including SD SS J020742 .83+ 000056 .2  (G eballe et al. 
2002) and U LA S J003402.77—005206.7  (W arren et al. 2007c). T h e 5 a  lim its are com puted  using sky noise follow ing th e  prescription of 
D ye et al. (2006). T w o se ts o f J H K  observations are available for U LA S J223955.76+003252.6: th e  first one originates from th e  U K ID SS  
LAS DR1; th e  second one com es from  ad d itional U K IR T /U F T I observations taken 03 Septem ber 2006 (Section  2 .2 ) . z -band  photom etry  
was also  obtained  for th is  source w ith  EM M I at th e  N T T  and we m easured z n ( A B )  =  2 2 .4 6 ± 0 .0 9  mag. T h e quoted errors do not include  
calibration uncertainties; th ese  m ay b e as high as 0.1 m ag at Y , and 0.02 m ag at J H K  (W arren et al. 2007a).
N am e R A  dec Y  J  H  K
U L A S J002422 .94+ 002247 .9 00 24 22.94 + 0 0  22 47.9 19 .59± 0 .15 18 .1 6 ± 0 .0 7 18 .24± 0 .16 > 18 .0 5
U LA S J003402.77—005206.7 00 34 02.77 —00 52 06.7 18 .90± 0 .10 18 .14± 0 .08 18 .50± 0 .22 > 17 .9 4
U LA S J020336.94—010231.1 02 03 36.94 —01 02 31.1 19 .06± 0 .10 18 .04± 0 .05 18 .31± 0 .12 18 .13± 0 .17
SDSS J020742 .91+ 000056 .2 02 07 42.91 + 0 0  00 56.2 17 .94± 0 .03 16 .75± 0 .01 16 .79± 0 .04 16 .71± 0 .05
U LA S J082707.67—020408.2 08 27 07.67 —02 04 08.2 18 .29± 0 .05 17 .19± 0 .02 17 .44± 0 .05 17 .52± 0 .11
U LA S J090116.23—030635.0 09 01 16.23 —03 06 35.0 18 .82± 0 .05 17 .90± 0 .04 18 .46± 0 .13 > 18 .21
U LA S J094806 .06+ 064805 .0 09 48 06.06 + 0 6  48 05.0 20 .0 3 ± 0 .1 4 18 .8 5 ± 0 .0 7 19 .46± 0 .22 > 18 .6 2
U LA S J100759.90—010031.1 10 07 59.90 —01 00 31.1 19 .82± 0 .12 18 .6 7 ± 0 .0 7 18 .77± 0 .18 > 1 8 .1 7
U LA S J101821 .78+ 072547.1 10 18 21.78 + 0 7  25 47.1 18 .90± 0 .08 17 .71± 0 .04 1 7 .87± 0 .07 18 .12± 0 .17
U LA S J223955 .76+ 003252 .6 22 39 55.76 + 0 0  32 52.6 19 .9 4 ± 0 .1 7 18 .86± 0 .09 > 1 8 .8 7 > 18 .1 8
18 .8 5 ± 0 .0 5 “ 1 9 .1 0 ± 0 .1 0 “ 1 8 .8 8 ± 0 .0 6 “
“ U K IR T /U F T I P hotom etry
F ig u r e  2 . F inding charts for th e  eight new  T 4 .5—T 7.5  dwarfs extracted  from th e  U K ID SS LAS D R 1 and presented in th is  paper. C harts 
are J  -band im ages o f  2 arcm in on a side w ith  N orth up and E ast left.
of a brighter point-source -  whilst such pairs are almost 
always separated in UKIDSS, the fainter source often re­
mains unregistered in SDSS, leading to  appreciable num ­
bers of false z-band drop-outs. Having applied all these 
autom ated filters, we were left w ith a to ta l of 19 objects, 
1 0  of which were quickly revealed to  be spurious by vi­
sual inspection leaving a final list of ju st 9 viable T  dwarf 
candidates. Of these, one (ULAS J022200.43—002410.5) is 
awaiting further investigation, one is a known T4.5 dwarf 
(SDSS J020742.91+000056.2, Geballe et al. 2002), and one 
is a new UKIDSS T8.5 dwarf (ULAS J003402.77—005206.7, 
W arren et al. (2007c)). The remaining six have been con­
firmed as new T  dwarfs. Finding charts are shown in Fig. 2,
their basic observational properties are summarised in Table 
1 , and a brief statistical analysis of the sample is given in 
Section 4.3.
For the 40 deg2 of the UKIDSS LAS DR1 outside 
the SDSS DR5 footprint, we rejected sources w ith opti­
cal counterparts in the United States Naval Observatory 
(USNO) catalogues. However the m agnitude limit of these 
catalogues is so bright th a t several hundred candidates re­
mained, requiring cross-correlation w ith other optical ca t­
alogues or visual inspection. Not all of these objects have 
been followed up, bu t spectra were obtained of two of the 
most promising, ULAS J082707.67—020408.2 and ULAS 
J090116.23—030635.0, bo th  of which were confirmed as T
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dwarfs. Their basic param eters are listed in Table 1 and 
finding charts are given in Fig. 2.
2 .2  A d d it io n a l  p h o to m e tr y
Additional optical and near-infrared photom etry was ob­
tained w ith UKIRT and the New Technology Telescope 
(NTT) for one T  dwarf, ULAS J223955.76+003252.6 (here­
after ULAS2239). Details of these observations are given 
below.
ULAS2239 was observed at UKIRT on UT 2006 
September 03, using the UKIRT Fast-Track Imager (UFTI; 
Roche et al. 2003). The M auna Kea Observatories J , H  
and K  filters were used (MKO; Tokunaga, Simons & Vacca 
2002), and the d a ta  calibrated using UKIRT Faint S tan­
dards; the photom etric system should be identical to  the 
W FCAM  system (Leggett et al. 2006). The night was pho­
tom etric w ith 0.6 arcsec seeing. Individual exposure times 
on target were one minute, and the to ta l exposure tim e was 
nine m inutes at J , 18 minutes at H  and 27 minutes at K , 
dithering the dwarf on a 3x3  grid w ith 10 arcsec offsets. P ho­
tom etry  was measured using a two arcsec diam eter aperture 
and is presented in Table 1.
In addition, we obtained z-band photom etry (filter 
J611) for ULAS2239 w ith the ESO M ulti-M ode Instrum ent 
(EMMI), at the N TT, on the night beginning 2006 A u­
gust 18. The to ta l exposure tim e was 15 minutes. The fil­
te r/de tec to r com bination is referred to  here as zN and is 
similar to  the SDSS z. Using the m easured CCD sensi­
tivity curve, and the filter transm ission curve, we followed 
the procedure used by Hewett et al. (2006) to  establish the 
colour relation zN (AB) =  z ( A B )  — 0.05(i(AB) — z ( AB) ) ,  
for O to  M dwarf stars. The offset to  the Vega system is 
zN (AB)  =  zN +  0.54. Photom etry in i and z of SDSS DR5 
sources in the field was converted to  zN , and the brightness 
of the source was m easured by relative photom etry using a 
fixed aperture, w ith the result zN(AB) =  22.46 ±  0.09. For 
a T 6  dwarf z ( A B )  ~  zN (AB) +  0.2.
3 S P E C T R O S C O P IC  F O L L O W -U P
3.1 G e m in i/G N IR S  sp e c tro sc o p y
The Gemini Near-Infrared Spectrograph (GNIRS; 
Elias et al. 2006) on Gemini South was used to  make 
quick response observations, through programme GS- 
2006B-Q-36. All photom etric candidates were confirmed as 
T  dwarfs w ith spectral types later th an  T4. GNIRS was 
used in cross-dispersed mode w ith the 32l/m m  grism, the
1 .0  arcsec slit (position angle of 0 °) and the short camera, to  
obtain  0.9-2.5/^m R ~500 (per resolution element) spectra. 
Triggered observations were m ade on the nights of 2006 
August 26, October 12, 20, 27, and 2007 January  04, 20 with 
to ta l integration tim e for each observation of 16 minutes. 
In each case the target was nodded three arcsec along the 
slit in an “ABBA” p a tte rn  using individual exposure times 
of 240 s. Calibrations were achieved using lamps in the 
on-telescope calibration unit. A0 and early F stars were 
observed as spectroscopic standards, either directly before 
or after the target observations, a t an airmass th a t closely 
m atched the mid-point airmass of the target in order to
10
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F ig u r e  3 . G em in i/G N IR S  near-infrared (0.9—2.5 m icrons) 
spectra  o f T 4 .5 -T 7 .5  dwarfs confirm ed spectroscopically . From  
b ottom  to  top  ordered by increasing spectral ty p e  are: ULA S  
J002422 .94+ 002247 .9  (T 4 .5 ), U LA S J 0 2 0 3 3 6 .9 4 -0 1 0 2 3 1 .1  (T 5), 
U L A S J101821 .78+ 072547 .1  (T 5), U LA S J10075 9 .1 8 -0 1 0 0 3 1 .1  
(T 5 .5 ), U LA S J 0 8 2 7 0 7 .6 7 -020408.2 (T 5 .5), ULA S  
J223955 .76+ 003252 .6  (T 5 .5), U LA S J094806 .06+ 064805 .0  
(T 7), and U LA S J 0 9 0 1 1 6 .2 3 -0 3 0 6 3 5 .0  (T 7 .5 ). Spectra are 
sm oothed  by a boxcar of 10 p ixels and shifted up by increm ents 
o f 1.2 for clarity (zero flux levels are indicated  by th e  horizon­
ta l d otted  lines). R egions b ad ly  affected by telluric features 
(1 .350—1.445 and 1.811—1.942 m icrons) have been  om itted .
remove the effects of telluric absorption. The observing 
conditions included some patchy cloud (i.e. cloud cover<70 
per cent-ile), seeing from 0.5-1.4 arcsec, and humidity 
ranging from 10-50%.
D ata  reduction was initially done using tasks in the 
Gemini GNIRS IRA F Package. Files were prepared and cor­
rected for offset bias using N SPREPARE and NVNOISE, 
and order separation achieved w ith NSCUT. Each order 
was then  median stacked at the A and B positions, and 
a difference image obtained using GEM ARITH. Flat-field 
correction was not necessary since variations across the six 
arcsec slit are less th an  0.1%. S-distortion correction and 
wavelength calibration were performed interactively using 
the telluric star spectra and Argon arc lamp spectra, with 
NSAPPW AVE, NSSDIST and NSWAVE. Further reduction 
was carried out using custom IDL routines. A pertures (~1.5 
arcsec wide) were centred on the spectra at the A and B po­
sitions, and the sky residuals were fit (and subtracted) us­
ing a surface constructed via a series of least-squares linear 
fits across the slit (excluding pixels w ithin the apertures),
ULAS 0901-0306 (T7.5) .
....:
ULAS 0948+0648 (T7.0)
ULAS 2239+0032 (T5.5)
ULAS 0827-0204 (T5.5) '
ULAS 1007-0100 (T5.5)
pf Wo,..................................
UU\S 1018+0725 (T5.0) '
ULAS 0203-0102 (T5.0) 
.....:
ULAS 0024+0022 (T4.5) .
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T a b le  2 . List o f  spectral ty p es derived from  indices and from th e  com parison w ith  T  dw arf tem p la tes (c.f. Burgasser et al. (2006)). T he  
C H 4-K  index derived for th e  la test T  dw arf is very uncertain due to  low signal-to -no ise in th e  K -band .
N am e H 2 O -J CH 4-J H2 O -H CH 4-H C H 4-K T em plate A dopted
U LA S J002422 .94+ 002247 .9 0.291 (T 4.5) 0.382 (T 5.5) 0.423 (T 3.5) 0 .547 (T4) 0.195 (T 5.5) T 4.5 T 4 .5 ± 0 .5
U LA S J 0 0 3 4 0 2 .7 7 -0 0 5 2 0 6 .7 0.012 (T 8.5) 0.144 (T 8.5) 0.133 (T 8.5) 0 .096 (T 8 ) 0.091 (> T 7 ) T 8—T 8.5 T 8 .5 ± 0 .5
U LA S J 0 2 0 3 3 6 .9 4 -0 1 0 2 3 1 .1 0.288 (T 4.5) 0.429 (T 4.5) 0.328 (T 5.5) 0 .410 (T5) 0.245 (T 4.5) T 4 .5 —T 5 T 5 .0 ± 0 .5
SD SS J020742 .91+ 000056 .2 - ( - ) -  ( - ) 0.391 (T4) 0 .565 (T4) 0 .282 (T4) T 4.0 T 4 .0 ± 0 .5
U LA S J 0 8 2 7 0 7 .6 7 -0 2 0 4 0 8 .2 0.213 (T 5.5) 0.384 (T 5.5) 0 .300 (T 6) 0.384 (T 5.5) 0.238 (T 4.5) T 5—T 5.5 T 5 .5 ± 0 .5
U LA S J 0 9 0 1 1 6 .2 3 -0 3 0 6 3 5 .0 0.075 (T 7.5) 0.226 (T7) 0 .118 (T 8 ) 0 .186 (T7) 0 .198 (T5) T 7—T 7.5 T 7 .5 ± 0 .5
U LA S J094806 .06+ 064805 .0 0 .087 (T7) 0.215 (T 7.5) 0.254 (T 6.5) 0 .222 (T7) 0.115 (T 6.5) T 7.0 T 7 .0 ± 0 .5
U LA S J 1 0 0 7 5 9 .9 0 -0 1 0 0 3 1 .1 0.177 (T 5.5) 0.321 (T 6) 0 .303 (T 6) 0.345 (T 5.5) 0.191 (T 5.5) T 5.5 T 5 .5 ± 0 .5
U LA S J101821 .78+ 072547.1 0.304 (T 4.5) 0 .437 (T 4.5) 0.376 (T 4.5) 0.451 (T 4.5) 0.151 (T 6) T 5.0 T 5 .0 ± 0 .5
U LA S J223955 .76+ 003252 .6 0.195 (T 5.5) 0.324 (T 6) 0.258 (T 6.5) 0.356 (T 5.5) 0 .187 (T 5.5) T 5 .5 —T 6 T 5 .5 ± 0 .5
with one fit for each spatial pixel row. Spectra were then 
extracted by summing w ithin the A and B position aper­
tures and combining. Noise spectra were also determined 
using a com bination of the sky noise (between the A and B 
position spectra), and the photon noise associated w ith the 
spectra themselves. The target spectra were flux-calibrated 
on a relative scale using the telluric standard  spectra (af­
te r appropriate interpolation across any hydrogen lines in 
the standards) w ith an assumed black body function for 
Teff=10000 K and 7000 K for A0 and early F tellurics re­
spectively. The spectral orders were then trim m ed of their 
noisiest portions, and the spectra normalised to  unity  at 
1.27 microns (the average level from 1.265-1.275 microns). 
A lthough the shape of each spectrum  will be correct, the 
absolute flux calibration is best determ ined by scaling the 
spectra to  m atch the W FCAM  photometry. We find th a t a 
single scaling factor reproduces the observed J H K  magni­
tudes w ithin the 2-10% W FCAM  photom etric uncertainties, 
except for the K  m agnitudes of ULAS J020336.94—010231.1 
and ULAS J101821.78+072547.1 which the spectra suggest 
are 1.5 and 2.5a brighter th an  the W FCAM  measurements, 
respectively. The final smoothed spectra of the eight new T 
dwarfs observed w ith GNIRS are displayed in Fig. 3.
3 .2  U K IR T /U I S T  sp e c tro sc o p y
SDSS0207 was observed at UKIRT on UT 2006 Septem­
ber 04, using the UKIRT Imager Spectrom eter (UIST; 
Ramsay Howat et al. 2004). The HK grism was used with 
the four pixel slit, giving a resolution R=550. Individual ex­
posure times on target were 240 s, and the to ta l exposure 
was 64 minutes, nodding the target along the slit by 12 arc- 
sec. The instrum ent calibration lamps were used to  provide 
accurate flat-fielding and wavelength calibration. The F5V 
sta r HD 5892 was observed prior to  the target to  remove the 
effects of telluric absorption, and to  provide an approxim ate 
flux calibration. More accurate absolute flux calibration was 
achieved by scaling the spectra to  the H  and K  magnitudes 
m easured in the LAS. The final spectrum  of SDSS0207 is 
shown in Fig. 4.
3 .3  S p e c tra l  c la ss ifica tio n
For each spectrum  we calculated the five near-infrared spec­
tra l indices H 2 O -J , CH 4 - J , H 2 O -H , CH4 -H  and CH4 -K  as
W a ve le n g th  (m ic ro n s )
F ig u r e  4 . U K IR T /U IS T  near-infrared spectrum  ( H K  grism; 1.4­
2.5 m icrons) o f a bright T 4 .0  dw arf (SD SS0207) selected  p h oto ­
m etrically  from  th e  U K ID SS LAS D R 1 and confirm ed spectro­
scopically. T h e d iscovery 1 .0 -2 .5  m icrons spectrum  is presented  
in G eballe et al. (2002).
defined in Burgasser et al. (2006). We also compared the 
d a ta  by eye to  tem plate spectra for T  dwarfs defined by 
Burgasser et al. as standards for the T4, T5, T 6 , T7 and T 8  
types. The results for the new T  dwarfs w ith GNIRS spectra 
are given in Table 2. For the recovered SDSS0207, we derive 
a type of T4.0±0.5, in agreement w ith Geballe et al. (2002) 
and Burgasser et al. (2006) who derive T4.5±0.5. Some scat­
ter is present in the spectral indices given in Table 2. The 
GNIRS exposures were designed to  provide only a rough 
spectral type for potential late-T  dwarfs, and so can yield 
somewhat noisy spectra, especially in the K -band. Conse­
quentially, the direct comparison w ith tem plates has been 
given more weight th an  the spectral indices in the assign­
ment of spectral types, and the adopted uncertainty in Table 
2  reflects the range in type implied by this comparison.
The comparison to  the spectral tem plates, together with 
modelled trends w ith gravity and m etallicity (as shown 
for example by Liu et al. (2007), and Leggett et al. 2007, 
A pJ, subm itted) allow us to  identify dwarfs th a t may 
have a m etallicity or a gravity different from the solar- 
neighbourhood sample th a t defines the tem plates. Leggett 
et al. (2007, A pJ, subm itted; their Figure 3) shows th a t, 
for late-T  dwarfs, increasing gravity suppresses the K -
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band flux due to  increased pressure-induced H 2 opacity 
(and vice-versa), while decreasing m etallicity also increases 
the H 2 opacity and suppresses K , bu t has the additional 
signature of broadening the 1 micron Y -band flux peak. 
Searching for these signatures, we find th a t most of our 
sample appear to  be typical of the solar-neighbourhood, 
so th a t metallicity is likely to  be solar, and gravity is 
likely to  be given by log g=5.0. The exceptions are (see 
Fig. 3): ULAS J020336.94-010231.1 which appears to 
be a low-gravity object based on the high K -band  flux; 
ULAS J090116.23-030635.0 which appears to  be a high- 
gravity object based on the low K -band  flux; and ULAS 
J101821.78+072547.1 which appears to  be metal-rich based 
on the high K -band flux and narrow Y -band flux peak. 
ULAS J223955.76+003252.6 may have a somewhat low grav­
ity, however the spectrum  is very noisy for this very faint 
dwarf. Fig. 3 also suggests th a t the K -band flux of ULAS 
J100759.90-010031.1 is suppressed, bu t the spectrum  is 
compromised by d a ta  spikes at 2 .0  and 2 .2  microns, and 
the spectral energy distribution is in fact very similar to  the 
tem plates if these regions are ignored.
T a b le  3 . D istances (pc) for th e  eight new  la te-T  dwarfs presented  
in th is  paper, based on relationships betw een absolu te-m agnitude  
and spectral ty p e  from Vrba et al. (2004 , ; V 04), (K napp et al. 
2004 , ; K 04), and Liu et al. (2006 , ; L06). T h e adopted  d istances 
allow  for a 0 .5 m ag uncertainty on th e  fifth-order polynom ial 
provided in Liu et al. (2006). T h e d istance for th e  T 8 .5  ULA S  
J 0 0 3 4 0 2 .7 7 -005206.7  is taken from W arren et al. (2007c) and is 
based on m odel spectral fits.
N am e V04 K04 L06 A dopted
U L A S J002422 .94+ 002247 .9 54.4 62.4 53.1 4 2 -6 7
U LA S J 0 0 3 4 0 2 .7 7 -0 0 5 2 0 6 .7 14-21
U LA S J 0 2 0 3 3 6 .9 4 -0 1 0 2 3 1 .1 47.6 54.5 48.3 38-61
U LA S J 0 8 2 7 0 7 .6 7 -0 2 0 4 0 8 .2 29.2 33.1 30.8 2 4-39
U LA S J 0 9 0 1 1 6 .2 3 -0 3 0 6 3 5 .0 22.3 28.3 26.0 2 1-33
U L A S J094806 .06+ 064805 .0 41.4 41.4 47.7 3 8-60
U L A S J 1 0 0 7 5 9 .9 0 -010031.1 57.9 65.6 60.9 4 8 -7 7
U L A S J101821.78+ 072547.1 40.9 46.6 41.5 3 3-52
U L A S J223955 .76+ 003252 .6 62.8 71.5 66.1 5 2-83
4 D IS C U S S IO N
4.1 P ro p e r t i e s  o f S D S S  J0 2 0 7 4 2 .8 3 + 0 0 0 0 5 6 .2
O ur search criteria recovered one T  dwarf found by 
the SDSS group (SDSS0207 — T4.5; Geballe et al. 
2002). Geballe et al. (2002) reported J H K  m agnitudes for 
SDSS0207 of 16.63, 16.66 and 16.62, w ith uncertainties of
0.05 mag. Observations were obtained w ith U K IR T/U FTI 
and are described in Leggett et al. (2002). A lthough the 
W FCAM  m agnitudes (Table 1) are ~0.1 m agnitudes fainter, 
the two datasets agree to  2 a  and are thus reasonably con­
sistent. The second epoch LAS could be used to  investigate 
photom etric variability in the T  dwarfs. The derived spec­
tra l types (T4.5 in the discovery paper and T4 here are in 
agreement w ithin the classification uncertainties.
This object has known proper motion (0.156±0.011 arc- 
sec/yr) and parallax (0.035±0.001 arcsec; Vrba et al. 2004). 
We are able to  estim ate its proper motion from the ~ 3  year 
baseline between the SDSS (2002 September 04) and LAS 
(2005 November 26) observations. We have measured 0.142 
and 0.085 arcsec/yr in right ascension and declination, re­
spectively, yielding a to ta l proper motion of 0.166±0.020 
arcsec/yr consistent w ith the value given in Vrba et al. 
(2004). SDSS observations can thus provide a first epoch 
comparison for UKIDSS, improving the prospects for iden­
tifying sources w ith significant proper m otion in the second- 
epoch J-band  LAS observations.
4 .2  D is ta n c e s
To estim ate the distances of the new T  dwarfs we considered 
three relationships between spectral type and absolute mag­
nitude: those published by Vrba et al. (2004), K napp et al. 
(2004), and Liu et al. (2006). The first was derived using 
19 T 0-T 8 dwarfs w ith measured parallaxes. K napp et al. 
(2004) supplied a fifth-order polynomial fit to  42 spectro­
scopically confirmed T  dwarfs. Liu et al. (2006) employed 
the same procedure as K napp et al. (2004) bu t excluded
known and possible binaries from the fit to  take into account 
the higher frequency of binary systems among objects with 
L /T  transition  colours (e.g. Burgasser et al. 2006; Liu et al. 
2006). The exclusion of binaries results in a relation with 
fainter absolute m agnitudes and smaller inferred distances, 
for early-mid T  dwarfs. The values derived using the three 
relationships are given in Table 3.
For our final distance estim ates we chose those derived 
using the most recent spectral-type-M j relation (Liu et al. 
2006). The uncertainties in our distance estim ates were com­
puted by assuming a dispersion of ±0.5 mag in the spectral 
type-absolute m agnitude relation. The adopted mean dis­
tances and their associated intervals are quoted in Table 3. 
These distances assume single objects; if any of these sources 
are in fact multiple systems, they would be more d istan t by 
40%, assuming an unresolved binary w ith com ponents of 
com parable brightness.
These spectroscopic distances show th a t the LAS is de­
tecting late-T  dwarfs out to  ~80 pc (see also Kendall et al. 
2007, the discovery of ULAS J1452+0655, a T4.5 dwarf at 
around 80pc, shown in our Figure 1 as a diamond). Also, 
note th a t the T7.5 dwarf ULAS J090116.23-030635.0, and 
the T8.5 dwarf ULAS J003402.77-005206.7 (W arren et al. 
2007c), may lie w ithin the 25 pc limit of the catalogue of 
nearby stars (Gliese & Jahreiss 1995), and thus represent an 
im portant addition to  the list of nearby cool brown dwarfs.
Assuming the same spectral type-absolute m agnitude 
relationship, we derive a spectroscopic distance of 28 pc (23­
36 pc) for SDSS0207, in good agreement with the parallax 
distance of 28±0.8pc (Vrba et al. 2004). This object is of 
interest as it populates the bum p seen for the L-T sequence 
in the spectral ty p e -M j diagram  for late-L to  m id-T dwarfs 
(Burgasser et al. 2006; Liu et al. 2006). A lthough this bum p 
is known to be partially caused by unresolved binarity, it also 
appears to  be intrinsic to  the atmospheric physics of the L-T 
transition.
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4.3  E x p e c te d  n u m b e rs  o f la te -T  d w a rfs  in  th e  
LA S
In  this section we try  to  estim ate the observed num ber 
density of late-T  (>T4; T eff <  1300 K) dwarfs from our 
spectroscopic follow-up and compare it w ith predictions by 
Deacon & Hambly (2006). Quantification of completeness is 
difficult at this early stage at the faint end of the survey. 
However, we expect our sample to  be complete down to J  =  
18.5 mag and possibly J  = 1 9  mag because all late-T  dwarfs 
will be detected in the Y passband.
This paper reports ten  T  dwarfs, w ith spectral type 
T4 and later, extracted from a to ta l area of 190 deg2 
(DR1). Of these, seven are brighter th an  J  =  18.5 mag. 
To compare directly w ith the numbers quoted in Table 1 of 
Deacon & Hambly (2006), we need to  scale our num bers to 
4000 deg2 (the full LAS coverage after seven years of oper­
ation) and take into account the final dep th  of the survey 
( J  ~  20 mag) after two epochs. We assume here a uniform 
and constant distribution of ultracool dwarfs which is rea­
sonable, because an ex tra  m agnitude of dep th  for late-T  
dwarfs will not probe the scale height of the disk.
Consequently, for the bright sample w ith J  <  18.5 mag, 
we should find 7x4000/190 multiplied by a factor of 8  to  ac­
count for the volume difference, yielding a to ta l of 1179±34 
late-T  dwarfs. If we take into account all T  dwarfs reported 
here, we estim ate a to ta l of (10x4000/190)x4 =  842±29 T 
dwarfs in the full LAS. These values m atch the predicted 
num bers from the simulations of Deacon & Hambly (2006) 
for a mass function w ith a slope between a  =  - 1 .0  and 
a  =  -0 .5  (in Salpeter units or £(log m) =  dn /d log  m  <x 
m - “ ; 676-1060 late-T  dwarfs, defined in Deacon & Hambly 
(2006) as dwarfs w ith 1300 >  Teff (K) >  700). This result 
is also in agreement w ith the derivations of a  =  -0 .7 ± 0 .7  
for M <  0.08 M 0  by K roupa (2001) and conclusions drawn 
by Allen et al. (2005) from their Bayesian approach (a  =
— 0.6±0.7 for M <  0.04-0.1 M 0 ). Similar results are found 
for the low-mass end of the IMF in young open clusters (e.g. 
a  Orionis; Gonzalez-Garcla et al. 2006).
However, uncertainties in the expected num ber of T 
dwarfs and the slope of the mass function rem ain large on 
bo th  the observational and theoretical sides. M almquist re­
lated biases have not been taken into consideration for ex­
ample, bu t contribute significant uncertainty. For instance, 
earlier T  dwarfs could be detected out to  greater distance 
th an  some m id-late Ts, and our colour selections are poorly 
suited for identifying these. Furtherm ore, there will be a bias 
favouring unresolved binary systems, as they are brighter 
th an  single T  dwarfs and detectable at greater distance. The 
Deacon & Hambly num bers do not account for this bias, but 
it will be inherent in our sample. A more extensive spectro­
scopic follow-up of L and T  dwarf candidates from the LAS 
is necessary to  disentangle the various possible shapes of the 
IMF.
5 C O N C L U S IO N S
We have presented the spectroscopic confirmation of eight 
new T4.5-T7.5 dwarfs identified over the entire LAS area 
released in the first UKIDSS d ata  release, together w ith the 
recovery of a T4.5 dwarf already discovered in the SDSS,
and a T8.5 reported by (W arren et al. 2007c). The spectral 
classification is based on the unified T-dw arf classification 
scheme of Burgasser et al. (2006). In addition, we have esti­
m ated distances for all of our sources using recent spectral 
type-absolute m agnitude relationships. The two latest and 
coolest dwarfs among the new T  dwarfs identified in the LAS 
DR1, the T7.5 and the T8.5, might be w ithin the 25 pc limit 
of nearby stars. A lthough our spectroscopic follow-up is lim­
ited, our estim ates of the num ber density of T  dwarfs agree 
w ith other studies.
We have dem onstrated the capabilities of the UKIDSS 
LAS and expect to  achieve the main scientific drivers set 
for the survey. The LAS will be able to  detect T  dwarfs out 
to  ~80 pc and L dwarfs much further, enabling the study 
of the scale height of field brown dwarfs. Also, the second- 
epoch coverage in J  will provide proper motions for a large 
num ber of candidate L and T  dwarfs identified in the LAS, 
and allow us to  identify fainter and more d istan t objects.
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A P P E N D I X  A : S E L E C T IO N  P R O C E D U R E  F O R  
T  D W A R F  C A N D ID A T E S  IN  T H E  U K ID S S  
L A R G E  A R E A  S U R V E Y
The set of S tructured  Query Language (SQL) statem ents 
employed to  extract lists of reliable point-sources with 
the colours of late-T  dwarfs from the W FCAM  Science 
Archive is detailed here. Sufficient reliability was obtained 
by dem anding detection in at least the Y- and J-bands 
({Y,J_l}Class > -10), rejecting sources which were classi­
fied as noise in any band ({Y,J_l,H,K}Class != 0, note th a t 
this is different from a null detection which has C lass =
— 9999), and requiring th a t inter-band positional offsets are 
no more th an  0.7 arcsec to  preclude asteroids which have 
moved appreciably between exposures. Point-sources were 
selected by dem anding MergedClass = -1 , and we rejected 
bright, potentially sa turated  sources (J_lAperHag3 >= 14.0 
mag), in addition to  applying a m agnitude cut of J  <  19 
mag. The principal T  dwarf selection was simply a pair of 
colour cuts: Y — J  ^  0.5 and J  — H  <  0.0 (YAperMag3
-  J_lAperMag3 >= 0 .5  and J_lAperMag3 -  HAperMag3 <=
10 N. Lodieu et al.
0 . 0 ), where, in the case of non-detections, the H -band mag­
n itude was replaced w ith the 5a H -band point-source limit 
calculated using the recipe given by Dye et al. (2006). The 
candidate list was further trim m ed by removing potential 
cross-talk artefacts (Dye et al. 2006) by rejecting any object 
up to  seven multiples of 51 arcsec away in right ascension or 
declination from a 2MASS point-source w ith J  <  13.5 mag.
